Abstract: Central Rift Valley (CRV) Ethiopia is an important region in terms of its vast ecosystem services (ES)and enriched biodiversity. However, its ES and biodiversity are under terrific pressure from hurried population growth, unsustainable developmental activities, unplanned urbanization, aggressive agricultural expansion, climate change, and the associated changes in land use and land cover (LULC).
PUBLIC INTEREST STATEMENT
The study was designed for better documentation of LULC information for the central Rift Valley areas which will supply important information for further environmental management. The area is well known by water resources and endowed by various biodiversity. However, due to many negative triggering factors, such as population pressure, environmental unfriendly expansion of investments, urbanization, deforestation etc…, its natural quality is deteriorated and degraded in the course of time. Therefore, studying the status of the area with scientific approaches will help to know the trend and develop a restoring mechanism. Therefore, in this study LULC analysis since 1985 to 2015 is assessed with help of GIS technology and finally policy options are forwarded for sustainable land use policy.
Introduction
Land usage states to the deployment of land for diverse purposes, whereas land cover specifies the regular and non-natural cover on the land surface (e.g., natural vegetation, agriculture, bare earth, water bodies, and man-made structures) (Mondal & Zhang, 2018) . Ethiopia has a very varied set of biotas ranging from humid forest and extensive wetlands to the desert (Tefera, 2011) and inside these miscellany environments, LULC changes are a ubiquitous and common occurrence where agricultural deeds and settlements dominate rural landscapes affecting ES. The land is finite and non-renewable resource deliver services needed for human well-being (Tolessa, Senbeta, & Kidane, 2017) and ecosystems provide a wide range of multiple services that vary in quantity and quality depending on the type of ecosystems and their status (Costanza et al., 2014; De Groot et al., 2012; Ma, 2005) . Many of the land resource services, important for sustaining life on earth and maintaining the integrity of the ecosystem are fronting difficulty because land resources are falling under threat and stress in time. Thus, LULC changes have freshly developed a major attention area in the global research community (National Research Council, 2014; Rogan & Chen, 2004) because of its significant effects on climate change (Pielke et al., 2011; IPCC, 2013) , biogeochemical cycles (Houghton et al., 2012) , and ES and biodiversity (Phalan, Onial, Balmford, & Green, 2011) .
ESs are the aids people get from ecosystems (Capistrano, Samper, Lee, & Raudsepp-Hearne, 2005) and not only provide a multitude of purposes, including clean air, fresh water, food, fuel, and other services, but also play a critical role in sustaining and improving human well-being, which is essential for regional landscape sustainability. However, over the past half centuries, nearly 60% of the studied ESs has been degraded due to increases in global population and economic growth, especially in drylands (Capistrano et al., 2005) . Thus, to provide a better understanding of changes in degrading ecosystems and the potential for ecosystem restoration, ESs has been identified as an ecological concept important for policymakers and practitioners in recent years.
Land use/cover conversion is single amongst the leading pouring forces (Lambin, Rounsevell, & Geist, 2000; Lasanta, González-Hidalgo, Vicente-Serrano, & Sferi, 2006) on global and local environmental changes though its impact varies across space and time (Bryan, 2013; Costanza et al., 2014) . Enlargement of farming, sprawl urbanization, deforestation and the day to day activities of mankind resulted in temporal and spatial changes in the land use/cover which in turn affects ES such as hydrological regulation and soil erosion losses (Rawat & Kumar, 2015) . In Ethiopia, observed suggestion shows that there has been substantial LULC in diverse parts of the country (Girmay, Singh, & Dick, 2010) . These changes have vital eco-friendly concerns at local, provincial and universal scales (Bewket & Abebe, 2013) . At the local scale, land use changes affect watershed runoff, micro-climatic resources, groundwater tables, processes of land degradation and landscape level biodiversity (Lambin & Geist, 2008) . A few decades ago, the CRV basin is known for its dense acacia woodlands that have now been transformed into agricultural and grazing lands (Gebreslassie, 2014) . These have serious eco-environmental problematic exposed the region's viable social and economic improvement (Collier & Dercon, 2014; Peng, Xu, Cai, & Xiao, 2011) .
Land use/cover change is motivated by numerous causes from environmental and social dimensions in a land system (Gong, Yang, & Tang, 2015) . Reasons for these changes are many faceted, however, the major among others are lack of proper land use policy (Teka, Van Rompaey, & Poesen, 2013) . Thus, land cover dynamic becomes a concern of the 21 st century with the dramatic implication for human survival. Water bodies (especially, wetlands and lakes) are, Important environmental components of the terrestrial landscape which cover a significant portion of the country total land area, performing significant ecosystem services (Amsalu & Addisu, 2014) like climate regulation, pollutant reduction, flood storage, drought control, water supply, and biodiversity conservation (Haslam, 2004; Mitsch & Gosselink, 2000) . However, water body degradation is becoming more and more serious thereby accelerating the degradation ecological balance and environmental quality (Day et al., 2003; Dimitriou et al., 2008) and their biota are at risk from the combined effects of changes in Ethiopia. As a result of faulty use, the area has experienced fluctuations in lake level of tens to hundreds of meters in the past 200 years (Olaka, Odada, Trauth, & Olago, 2010) . Many authors reported also as climate changes coupled with water for domestic use, fisheries, small and large-scale agriculture (floriculture and horticultural farms) have altered the lakes hydrodynamics (Geheb & Abebe, 2003; Hengsdijk & Jansen, 2006a; Zeray, Roehrig, & Chekol, 2006; Olaka et al., 2010) .
Hence, to this end, this research was initiated to analyze the land use and land cover changes in the CRV at three different temporal scales viz. 1985, 1995 and 2015 with a close look to the empirical and statistical relation of the LULC changes, mainly focusing on the ecological landscapes of CRV zone and its lakes likely to generate updated data and supplement the already recorded information that ultimately guides restoration and/or conservation intervention in the areas. Therefore, the main objective of this research work was to characterize GIS-supported LULC changes of the CRV Ethiopia and was addressed the following specific activities: (i) Conduct GIS supported LULC change analysis over three periods (1985; 1995 and 2015) and characterize LULC classes,(ii) Analyse and Prepare LULC change map and accompanying data for LULC classes, (iii) Identify the drivers and analyzing impacts of LULC changes using Driver-Pressure-State-ImpactResponse (DPSIR) framework to depict sustainable landscape restoration.
Methods and materials
2.1. The study area Figure A1 presents the CRV region where this study was conducted. Geographically, CRV is located between 38º15ʹE and 39º25ʹE and 7º10ʹN and 8º30ʹNcoordinates. The CRV in Ethiopia makes an area of about 1.3Mha (Hengsdijk & Jansen, 2006b ). This is a section of the Main Ethiopian Rift comprises a significant part of the great African Rift Valley system that stretches from the Red Sea to Mozambique crossing Ethiopia, Kenya, and Tanzania. It is divided into three subsystems: Chew Bahir (Lake Stephanie), CRV, and Afar triangle (Muzein, 2006) . CRV comprises Ziway, Langano, Abijata, and Shalla Lakes from the rift valley basin and Hawassa, Abaya, Chamo, and Chew-Bahir lakes from the lower sub-basin. These lakes, which once formed one large water body, support important biodiversity resources that have global significance. The CRV basin contains unique fauna and flora species of which a significant number are endemic. The area is an important breeding and feeding site for some rare species of resident and migratory birds. A good example is Lake Abijata and Lake Shala form together a National Park, which has been submitted as candidate site by the Ethiopian Government to the Ramsar convention on wetlands. (Table A1) . Relative cloud-free specific date and year (January, February, and December) was used for the acquisition of Landsat imagery across the study area. GIS data on the administrative boundary, road network, towns, and river network were obtained from the GIS department of the Ministry of Water, Irrigation and Electricity (MoWIE), Ethiopia. A 30 m resolution Digital Elevation Model (DEM), based on Aster imagery was also employed. In addition, ancillary data were also utilized during analysis. All data were projected to the Universal Transverse Mercator (UTM) projection system zone 37N and datum of World Geodetic System 84 (WGS84), ensuring consistency between datasets during analysis.
Image pre-processing and classification
Image extraction, layer stacking and change detection were performed on the Landsat TM/OLI images obtained for different dates in order to create multi-band composite images since the study area lies on two scenes. Data were pre-processed in ERDAS imagine for mosaicking, and subsetting. Satellite image re-processing was conducted to establish a more direct affiliation between the acquired data and biophysical phenomena. Then land use and land cover change detection were analyzed for the last 30 years in GIS environ through hybrid classification technique ( Figure A2 ).
The analysis detects nine land use and land cover type (Table A2 ). It was conducted using postclassification image comparison technique (Lillesand, Kiefer, & Chipman, 2014) . Images of different reference years were first independently classified. The percentage of change within the same LULC class between two-time points is calculated as follows as stated in the values were presented in terms of hectares (ha) and percentages (%). Positive values suggest an increase whereas negative values imply a decrease in extent.
Where: Change (%): percent change in the area of specific land use land cover class between times i n and i n−1 , A rt : is a recent area of LULC at time t and A pt : is the previous area of LULC at earlier time t.
To calculate annual rate of change for each land use class, the difference between final year to initial year which represents magnitude of change between corresponding years was divided by the number of study years i.e. 1985-1995 (10 years), 1995-2015 (20 years), and 1985-2015 (30 years) respectively using the following Equation as stated by (Meshesha, Tripathi, & Khare, 2016) :
Where: Annual RΔ = Annual Rate of change, Change (%) = % change in the area of specific land use land cover class (Equation (1)) and ΔT = time interval between initial and previous LULC class in years.
Accuracy assessment
Quality evaluation is one of the first steps in making LULC (Giri, 2012) . Thus, to check the accuracy and performance of LULC classification for 1985,1995 and 2015 imageries, Ground Control Points (GCP) and Goggle Earth image were used (Traore et al., 2018) and stratified random sample strategy was adopted to assess the accuracy of the classified map (Congalton & Green, 2009 ). Therefore, 450 GCPs were collected using a handled Garmin GPS for 2015 images and for 1985 and 1995 images GCPs generated from Google Earth were used and random pixels were generated for each classified image in ArcGIS 10.3 environ for comparison. Then, comparison of classified images and reference data was carried out statistically using error matrix (Table A3 ). Accordingly, the over all accuracy of this study was 84.46, 86.86 and 88.86 with kapa value of 0.82, 0.84 and 0.87, respectively. The Kappa quantity, which measures the difference between the actual agreement of classified map and chance agreement of random classifier compared to reference data, was also calculated as (Congalton, 1991) :
Where r is the number of rows, x i is the number of observations in row i and column i, x i+ and x +i are the marginal totals of row and column, and N is the total number of observed pixels. Moreover, while doing the ground truthing we have also incorporated information from field observation and discussion with dwellers (elders) on the environmental impacts of horticulture investments and the land use land cover changes in the area and particularly in water bodies.
Results and discussions
3.1. CRV land use/cover mapping and analysis (1985 −2015) The Landscapes of the study area has undergone and experienced LULC changes in the last three decades ( Figure A3 (a-c), Table A4 and A5). The data show that there is a temporal change in LULC which may be in response to population and economic growth, public and private investments, and market and government actions (Berke & Kaiser, 2006) . In 1985, 44.34% of the land was covered with small-scale farming followed by mixed cultivated with interspersed growth of acacia woods (21.89%), open woodland (11.96%), and water bodies (9.77%). The area under crop fields covered about 75% of the total areas in 2015 predominantly following the introduction of large-scale floriculture and horticulture farms however small-scale farming seems to decrease but was shifted to large-scale farming and water bodies were declined to 8.64%.
Moreover, small-scale irrigated farming has expanded considerably with the establishment of irrigation water user associations that grow vegetables for the central market around Addis Ababa. The expansion of irrigated agriculture has caused some serious environmental problems including polluting freshwater lakes and a reduction in the levels of the lake water. Hengsdijk and Jansen (2006a) explained also horticultural cultivation and floriculture greenhouse complex are built and widespread along the shoreline of Lake Ziway which increase pressure to nearby water assets and inputs (nutrients and biocides) might expand the hazard of environmental contamination".
The expansion in agricultural extent might be associated with the increasing of small-scale irrigated land and expansion of large-scale farming (vegetable and flower farms) which might, in turn, affects the water bodies. This result is in agreement with a study conduct at Yazet Watershed, North Western Ethiopia (Tadesse, Suryabhagavan, Sridhar, & Legesse, 2017) and in Ethiopia Rift Valley (Ariti, van Vliet, & Verburg, 2015; Daniel, Daniel, & Muluneh, 2012) reported as, cultivated land is escalating as a result of population pressure, which demands agricultural land for food production. Authors (Assefa & Bork, 2016 ) also report similar results for Chencha and Arbaminch areas revealing that farmland inadequacy has now triggered farmers to cultivate marginal land areas and fragile ecosystems. Research finding of (Muzein, 2006) also confirms that more than 4/5 of the total terrestrial productive ecosystem for the Ethiopian central rift valley loss was agriculture.
The study also indicates loss of water body. The change results explain a continual decline in water bodies, open grazing land, forest and degraded savannah all over the study periods. The water bodies were decreased by 3.16% and 8.69%, respectively during the first two periods and in the third period, an overall decline of 11.57% was recorded. The highest rate of turn down of water bodies was recorded in the second period which might be associated with the expansion of industries (like water abstraction of soda ash), small-scale irrigated lands and large-scale farming (vegetable and floriculture farms) around the water bodies which consumes a lot of water for their activity. Many authors (Ayenew, 2004; Legesse & Ayenew, 2006) confirm that rift valley lakes and Feeder Rivers are exploited for soda extraction, commercial fish farming, irrigation, and recreation, and host variety of endemic birds and wild animals and levels of some of these lakes have changed temporally.
The maximum rate of degeneration of forest cover was also observed in the second period, which might be accompanied with a regime change which is in conformity with other studies (Demissie, Yeshitila, Kindu, & Schneider, 2017; Eshetu, 2014; Kindu, Schneider, Teketay, & Knoke, 2015) and deforestation through cutting acacia trees for charcoal production has also become a common phenomenon, as it is an easy cash source for some farmers since the main road that connects Addis Ababa to the Southern Regions provides an opportunity for roadside charcoal and wood sellers (Muzein, 2006) . Conversely, settlements, mixed cultivated/acacia lands, and largescale farming depict an escalating trend though vary and fluctuate in values. As (Ariti, van Vliet, & Verburg, 2018) revealed that in the past four decades grasslands, forests, and water bodies have declined mainly due to 1975 land proclamation, 1995 constitution, and water, irrigation, and investment policies, respectively. The annual LULC change Analysis revealed also settlement and mixed cultivated/acacia experienced an increasing trend whereas water bodies show a continuous decline throughout the entire study periods (Table A6) .
Changes in surface area of the CRV lakes (1985 −2015)
The Rift Valley Lakes Basin is one of the major river basins in Ethiopia with a total area of about 52,000 km 2 (MoWR, 2010). The basin is characterized by a chain of lakes varying in size as well as in hydrological and hydrogeological settings. It constitutes nine lakes viz, Lake Ziway, Lake Langano, Lake Abiyata, Lake Shalla, Lake Hawassa, Lake Abaya, Lake Chamo, Lake Abbe and Lake Beseka (Alemayehu, Ayenew, & Kebede, 2006) . However, significant changes have been observed in the hydrology of the Rift Valley lakes in Ethiopia over the past decades (Seyoum, Milewski, & Durham, 2015) . The CRV encompassing Lake Ziway, Lake Abjiata, Lake Langano and Lake Shala which forms a complex and vulnerable hydrological system with unique ecological characteristics (Jansen et al., 2007) that are fed by streams of Meki and Ketar Rivers in the upstream portions of the catchments. These rivers drain into Lake Ziway traveling long distances and from Lake Ziway water is discharged into the Bulbula River, which flows to Lake Abjiata. But, regarding Lake Shalla, the available literature is very limited. This might be due to the little interest in the lake water because of its alkaline nature which discourages its use for irrigation purpose (Belete, Diekkrüger, & Roehrig, 2015; Raventós Vilalta, 2010) .
These lakes support a considerable wide variety of aquatic and terrestrial biodiversity and are habitat to different kinds of edible fish. Despite their services, human-induced and natural factors affect the water quality of the lakes (Ayenew, 2008; Ridgeley et al., 2012; Tefera et al., 2002) . The change detection shows that water mount of Lake Abijata, Ziway, Langano, and Shalla showed a reduction of surface area during the entire study periods by 25.92%, 0.52%, 0.81% and 0.02% ( Figure A4 ; Table A7 ) from their 1985's size, respectively. Such kind of drastic change (e.g. Lake Abjiata) in surface area may have long-lasting negative consequences because the reduction in surface area of the four lakes intertwined negative impact on ecosystems, biodiversity, and livelihood of the community. This result is supported by (Olaka et al., 2010) who reported the fluctuations for Lake Zeway in lake level of tens to hundreds of meters in the past 200 years. Others reported similar trend as some lakes have shrunk due to the excessive abstraction of water like Lake Abjiata dropped significantly over three decades because of the extraction of water for soda and an upstream diversion for irrigation (Hengsdijk et al., 2007; Legesse & Ayenew, 2006; Yohannes, Mohammed, & Elias, 2017) . Many studies indicate that the CRV Lakes and their watershed support unique ecological and hydrological characteristics which host to a wide array of economic, domestic and recreational activities, including the flower industry, soda abstraction and fish farming (Ayenew, 2007) and support the livelihoods of approximately 2 million people (CSA, 2013) and populate 1.9 million livestock (Meshesha, Tsunekawa, & Tsubo, 2012) . Therefore, the reduction in the area of these lakes will have an impact on fisheries and lake-related ecosystems and causing the shrinkage of outflows of these lakes which is associated with environmental degradation, particularly the loss of aquatic bird life, water users along the rivers for domestic and livestock and irrigated farms.
The annual rate of lakes area change is also experienced a decreasing trend through. As presented in Table A7 Lake Abjiata takes the lion share in an annual reduction by 12.07% during the first decades and by 13.39% by the next two decades. This result is in conformity with different findings of since the 1980s, as the water level of Lake Abjiata has significantly dropped due to the investment policies which affect the water resources of the area, especially river Bulbula and Lake Abijata and in response to natural condition variability. The use of river Bulbula, which is the main tributary for Lake Abjiata, for irrigation and factories, has caused the river to dry up, contributing to the shrinkage of Lake Abjiata. According to (Ayenew, 2002) , uncontrolled water abstraction from Lake Ziway and the irrigation scheme on the River Bulbula significantly affects the water level of Lake Abijata. The fishery in Lake Abijata has totally collapsed and birds such as Lesser Flamingo (Phoeniconaias minor Geoffroy) and Great White Pelican (Pelecanus onocrotaluroseus) have been migrating to nearby lakes (Yohannes et al., 2017) . If it continues like this, the lake will be facing an imminent threat of collapse and the existence of the Park would be unlikely and will be expected to share the bad history of Haramaya Lake. Hence, the minimum water flow on river Bulbula should be maintained through an integrated water resource management practices on a basin-wide scale to maintain the life in the Lake Abjiata.
Drivers of LULC changes in CRV ethiopia
Many recent studies indicate substantial and speedy LULC change in Ethiopia manifested in environmental and economic impacts (Gashaw, Tulu, Argaw, & Worqlul, 2017; Miheretu & Assefa, 2017) . Similarly, Ethiopia CRV changes in LULC are overseen by a combination of geographical, environmental and socio-economic factors. In addition to Imagery analysis, the field observation for current and discussion with elder dwellers for past also ensures that multiple effects of LULC change in the study area have happened between1985 and 2015. According to the elders' response, the primary reason for the change is population growth, and added contribution of other causes such as environmental factors and economic development are also contributing significantly.
Scientifically, the drivers of land-use and land-cover changes are often classified into proximate and underlying causes (Lambin, Geist, & Lepers, 2003) and both driving forces caused the observed changes in the study area. The proximate causes are the immediate actions of local people such as agricultural expansion since the coverage of total cultivated land is increased over time. Author (Molla, 2015) further explained that the major causes of acacia woodland, shrub/bushland, and other vegetation change is directly related to agricultural activities and was a driving force for 20.4% and 27.8% of natural vegetation loss during 1973 to 2010 periods due to the increasing demand for food for the increasing household members. wood extraction, infrastructure expansion and others which change the physical state of land cover are also part of the proximate causes as of (Lambin & Geist, 2008) study.
As (Geist et al., 2006) explained underlying factors push the proximate causes into immediate effect which include changes in demographic pressure, economic condition and technological and institutional factors (Riebsame, Meyer, & Turner, 1994) . In the CRV area, population pressure is found as one of the major underlying causes of land use/cove changes which contribute more to resources degradation through shrub/tree cutting for fuel consumption and charcoal production. Many authors confirmed (Kabba & Li, 2011; Lambin et al., 2003 ) that human population growth pressures are expanding the area of land-uses such as agriculture and settlement into natural habitats in all parts of the world to meet the demand for food and housing. Therefore, the drivers/ causes of LULC changes from a range of biophysical, demographic, economic, infrastructural and technological factors are posing a normal ecosystem function.
As confirmed from field visit observations and discussion with occupants, the large portions of the study areas are intensively cultivated upon the expansion of investment on horticultural production and increasing of vegetable irrigating by a union and individual farmers too. The other noted and mentioned problem by dwellers is the vegetation clearance for charcoal production since the area is found in the main road of Addis Ababa to Hawassa. This all incidences cause soil degradation down to the main lakes of the CRV. As a result, most parts of the lakes' watersheds become less capable of absorbing and holding the rainfall water, which in turn enabled the removal of the top fertile soils and frequent flooding. This conclusion is in agreement with the results of (Teklemariam et al., 2017a) who explain the problem of sedimentation at down streams of the catchments around the Grand Ethiopian Renaissance Dam due to intensive farming at upstream areas. Expansion of urban due to the population growth and movement of people to towns to search job in the commercial farms established around the study areas has resulted also in the acquisition of most suitable agricultural lands for urban development. The finding of (Moges & Bhat, 2018) confirms that urban expansion has resulted in an increased price of agricultural lands, overconsumption of irrigable water, and the increased price of food and fuel.
Analyses of land cover change using the DPSIR framework
The DPSIR framework has evolved into a widely used tool to provide and communicate knowledge on the state and causal factors regarding environmental issues. Due to the interdisciplinary nature of environmental issues and their links with certain sociotechnical, political, and economic factors, a holistic analysis is required in the collection, assessment, and evaluation of various data/information (Pandey & Shrestha, 2016) . In this study, analysis was employed in assessing the land use/cover change of CRV and the results of land cover change detection using remote sensing are placed in the context of the DPSIR framework as a platform for an explanation. The decision cycle ( Figure A5 ) starts from the Problematization (Table A8 ) of the issue to the final decision. The linkages between problems and their immediate causes, sector activities/intermediate causes, and the root causes i.e. human activities leading to the conception of the problem were identified ( Figure A6 ). Accordingly, policy options were identified as a prime concern to discourse the water environment deterioration in particular and for possible remedial action platform of the CRV lakes including, land use policy considerations, conservation, and rehabilitation of land resources, use of monitoring and early warning system, commitment to international conventions on land use, investments in land and water resources, and applying appropriate land use planning.
Conclusion and policy implications

Conclusion
Numerous studies related to LULC changes in Ethiopia have signposted that the country has experienced rapid and increasingly noticeable LULC changes since the late half of 20 century. Accordingly, this study also provided information on how land-use and land cover changed in CRV Ethiopia from 1985 to 2015. CRV Ethiopia is a home to many remarkable aquatic and terrestrial ecosystems but degradation of natural resources are firmly intertwined and expressed. Generally, rapid population growth, agricultural expansion, environmental fluctuations, degradation of natural resource and loss of biodiversity are the most visible socio-economic and environmental problem in the CRV area and all these put pressures on the water bodies (mainly on the four lakes, Ziway, Langano, Abijata and Shalla).
Landscape change as a result of LULC and simultaneous landscape pattern changes are ongoing phenomena in the CRV area. This study also show that over the last 30 years' period (1985 to 2015), major LULC changes were recorded in the CRV, mainly arable land expansion (small and large scale farming including irrigated agriculture) is noticed, reduction of natural vegetation is observed and also the water resources have been shrinking in size and depth significantly. More specifically, Lake Abijata showed a progressive decline by 25.9% resulting in severe degradation of the fragile ecosystems that have sustained the unique biodiversity (fauna and flora) for long. Consequently, the Abjiata-Shalla National Park is on the verge of collapse, the second episode of lake collapse in the nation next to Lake Haramaya if a serious measurement is not taken on time. These all consequences may alter the nutrient levels, water regime and related processes then may damage both aquatic and terrestrial biodiversity and reduce productivity unless restoration actions are taken soon sustainably. Further detailed study and quantification is still very important on biodiversity resource specific wise to pinpoint vulnerable species that need urgent conservation attention and design sustainable resource management strategy.
Policy implications
Based on the finding and DPSIR framework analysis, integrated land use and development planning and policy reform are suggested to encourage the on-going and planned ecosystem restoration, degraded land rehabilitation, and biodiversity conservation intervention in the CRV Lakes of Ethiopia via:
• An effective water management plan and practice should be employed at the landscape level breaking down major river basin into sub-watersheds and prioritizing the sub-watershed for conservation and management based on degradation level.
• Integrated land use and development planning should be done for the watershed prior to any developmental project being conducted in the area and must be preceded by a proper Environmental Impact Assessment (EIA) considering the impact on water resources,
• Groundwater abstraction (the process of taking water from a ground source, either temporarily or permanently) is another problem since most water is used for irrigation or treatment. Depending on the environmental legislation (in Ethiopia), controls may be placed on abstraction to limit the amount of water that can be removed. Over-abstraction can lead to rivers drying up or the level of groundwater aquifers reducing unacceptably. Thus, the science of hydrogeology should be used to assess the safe abstraction levels.
• Collaboration and commitment of the government with other stakeholders and working very closely with communities through participatory approach is an important way to reverse the current trend of LULC changes in the CRV area. Table A5 . LULC changes for the periods 1985-1995, 1995-2015 and 1985-2015 LULC Classes Change detection (Ha) and % share 1985 to 1995 Table A8 . The prime concerns to discourse as remedial action platform of the CRV Lake ecology
List of Abbreviations
Problematization Description
Freshwater shortage As a result of modification of stream flow, pollution of existing supplies, changes in the water table, the lakes in CRV are facing the critical threat. Catchment areas of these lakes are highly degraded and siltation of Lakes has been increasing. Pollution Eutrophication, chemical, suspended solids, solid wastes, etc. are the second serious concern to the survival of the aquatic biodiversity in these lakes. Apparently, the chemical industries in the shore of Lake Abjiata and the floriculture farms around Lake Ziway are a key concern.
Habitat and community modification Loss of ecosystems, modification of ecosystems or ecotones, including community structure and/or species composition is another key factor that may have to progress impact on the water resources. As a result of LULC changes that have been taking place in the area; much has been modified with a resultant effect on the water resources.
Unsustainable exploitation of fisheries and other living resources
Over-exploitation, excessive by-catch, and discards, destructive fishing practices, have been witnessed in Lake Ziway with a negative impact on the viability of stock and the biological and genetic diversity. It is likely that some species of fishes may have already been exterminated.
Global change
Changes in the hydrological cycle, sea level change, increased radiation Elnino-Lanina effect etc., will have an impact on local ecosystems' structure, function, and resilience. The capacity to respond to these unpredictable climate changes may be further deteriorated as a result of unabated degradation and poor management of the natural resource in the area. Figure A1 . Location of the Great Ethiopian Rift Valley (Hatch & Wells, 2012) and the study area CRV.
Problem analysis and objective formulation
Data Acquisition Landsat Images of TM (1985 & 1995 ) & OLI-TIRS (2015 Literature, reconnaissance survey and ancillary data Figure A5 . The DPSIR conceptual framework modified from (Hassan, 2013; Vargas Amelin, 2016) . Figure A4 . Map of the four lakes in the CRV and change in surface area over the study periods (1985, 1995 and 2015) . You are free to: Share -copy and redistribute the material in any medium or format. Adapt -remix, transform, and build upon the material for any purpose, even commercially. The licensor cannot revoke these freedoms as long as you follow the license terms.
Under the following terms: Attribution -You must give appropriate credit, provide a link to the license, and indicate if changes were made. You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.
No additional restrictions
You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits. 
Discounts and waivers for authors in developing regions
Submit your manuscript to a Cogent OA journal at www.CogentOA.com Figure A6 . Summary of DPSIR framework analysis for land use/cover changes in Ethiopia CRV.
